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(54) Title: ILLUMINATED DISPLAY SYSTEM AND PROCESS 




(57) Abstract: Processes for the integration of illuminated dis- 
plays with articles of fabric or textiles are described. In one as- 
pect, a rear electrode (106) of an electroluminescent panel (102) 
is formed directly onto a &biic section substrate (104) by the fol- 
lowing process, a formed image is jdaced over a &bric section to 
define an area for disj^y and a catalyst is applied to such display 
area; the fabric section display area with catalyst thereon is im- 
mersed in an electroless (dating bath and subsequently removed, 
allowing a chemical reduction to occur in the aqueous solution; 
such fabric section is immeised in an electrode bath to form an 
electrode layer integrated with the £abric section and patterned 
in the associated iniage. In another aspect, a process is used to 
fonn an insulative layer for encapsulating the fabric section sub- 
strate having a rear electrode. In still another aspect, process is 
used to form the layers of an electroluminescent panel integral 
with a substrate. Optionally, the fabric section can be adhered 
to a substantially rigid substrate while the EL panel component 
layers are applied to aid in accurate placement of such layers. 
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ILLUMINATED DISPLAY SYSTEM AND PROCESS 

RELATED APPLICATIONS 
This application is a nonpiovisional to U«S. application serial number 
60/277,829, ffled March 22, 2001, entitled "PROCESS FOR INTEGRATING AN 
5 ILLUMINATED DISPLAY WITH FABRIC, which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
This invCTtion relates generally to q)plications for using iliuminated displays, 
10 and more particularly, for integrating electroluminescent light emitting panels with 
artides of fabric or textiles. 

PROBLEM 

Electroluminescent (EL) panels or lamps provide illumination for a wide array 
of objects sudi as watdies, vehide instrument panels, computer monitors, etc. These 

IS ~EL panels are typically formed by positioning an electroluminescent material, sudi as 
phosphor, between two electrodes, one of which is essentially transparent Hie 
electric field created by applying an electric current to the dectrodes causes exdtation 
of tfie electrolummesoent material and emission of light tfaerefirom, which is viewed 
through the transparent dectrode. Advancranents in materials sdence have led to the 

20 formation of EL panels from thin, elongate, flexible strips of laminated material 
having a variety of shapes and sizes* 

It is desired to have an illuminated display integrated into afabric or textile 
application, sudi tiiat a light source can be created on dothing, badqpadss, tents, 
signs, and the like. However, forming an electroluminescent panel onto fabric 

25 presents a particular challenge because of Ae flexible nature of fabric and the uses to 
whidi it is put, sudi as being worn as an artide of clothing. Unlike an EL panel hung 
on a wall or in a window, electroluminescent panels attached to fabric must be put 
through repeated cydes of physical stress from flexion of the &bric, and must be 
properly electrically and thermally insulated due to the increased risk of being 

30 touched by a person or worn dose to their body. Additionally, fabrics and textiles 
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have generally proven to be difficult substrates upoa yrtach to build the oomponent 
layers of an EL panel. What is needed is a pn)cess for better integrating an EL panel 
with a fabric section to form a unitary illuminated display system. 

Electroluminescent film is commonly used in the display industry as back- 
5 lighting for liquid aystal displays. As constructed today, these films are not 
transparent or cvea semi-transparent smce the back electrode is either carbon or 
silver. It is thus also desirable to have a large area illumination source tiiat is semi- 
transparent» Le. it allows the observer to see an object through tiie badc-side of the 
device vnbSle it is illuminating the object 

10 SOLUTION 

The present invration involves processes for reliably forming the oomponmt 
layers of an electroluminescent panel onto a fabric section to facilitate construction of 
the entire EL panel ass^bly. In one aspect the layers of an electroluminescent panel 
are formed integral with a substrate section. Firs^ a rear electrode made of a 

IS conductive polymer is formed onto a substrate section in a desired pattern. Ihen, a 
dielectric layer is formed over the rear electrode layer. A ligiht emitting lay^, 
transparent conductive layer made of a conductive polymer, and front electtode lead 
are then successively formed onto the substrate section; tfie li^t emitting layer atop 
tiie dielectric layer and tlie tran^parmt conductive polymer layer atop the light 

20 emitting layer. Eadi of the component layers of the EL panel may be formed onto the 
sub^rate section by a printing process. Optionally, the substrate section can be 
adhered to a substantially rigid haidldng tiie EL panel.oomponent layers are 
lulled to aid in accurate placement of sudi layers. This aspect provides a 
construction where at least tiie rear electrode is more fiilly integrated with the 

25 substrate section. When an electric current is q)plied to the front and rear electrodes, 
an electric field is oeated to excite the light emitting layer to illuimnate. 

Anotiher aspect of the present invention provides a process whereby the rear 
electrode of an EL panel is formed directiy onto a fabnc section using a metalization 
process. An image is first formed to define a specific design to be illuminated. Ihe 

30 image is placed over a fabric section to define an area for display and a catalyst is 
applied to sudi display area. Next, the portion of the fabric section with catalyst 
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2q)plied thereto is inmiersed in an electroless plating baA and subseqaenfly lemoved, 
wliichaUows a chemical reduction to occar in die aqueous sol^ Finally, die 
fabric section display area is immersed in an electn)de badi to fonn an elecb^ 
that is integrated widi die fabric section and pattenied in the assoc^ The 
5 rest of the layers of die EL panel, indudmg a front electrode, may be formed on top of 
die rear decttode and base fabric section by, for sample, a printing process. Upon 
eneigizmg die EL panel, a tight emittmg lay er wiU iUumum 
image. 

In still another aspect of the present invention, an insulative layer and a 

10 process for forming diereof is provided to encapsulate a fabric section having a rear 
electrode, llie fabric section is £u:sthimi»rsedmelectrophoreticUquid. Anelectrical 
lead is connected to die rear electrode and a counter electrode is unmersed in the 
liquid and connected to an electrical lead of opposite polarity. Upon a voltage being 
^plied to the electrical leads, an msulative confonnal coating is dqx)sited on die 

15 fabric section immersed in the electrophoretic liquid. This coating maintams the 
integrity of the rear electrode and elecirically insulates such electrode, thereby 
mitigating the risk of electrical shbdk for a person toudiing the fabric. Furthermore, 
die coating may serve as die dielectric layer of the electroluminescent panel. A 
printing process or other means may be used to form die remaioiqg layers of an £L 

20 panel on top of the dielectric layer. 

By these processes, safer, more durable illuminated display systems can be 
manufactured for all types of fabric and textile applications, such as safely dothing 
(yests, jackets, hats, gloves), outdoor gear (tents, bac^ac^s, eta), flags and signs, or 
any other education requhdng a flexible illummation solution. Additionally, because 

25 the EL panel components of die illuminated display system may be formed tp^ttier 
as tfahi layers by, for example, a prmting process, diin EL lamps may be fbnned diat 
are not too bulky or cumbersome to be worn on an artide of dotfamg. Asopposedto 
reflective strips, die illuminated displays systems formed by these processes do not 
require light to be reflected off of an EL panel surface from exteroal light sources. 

30 Odier advantages and components of die present invention will become qjparent fiom 
the foUowii^ desaiption taken m conjunction widi die accompanying drawings, 
whidi constitute a part of this specification and herein are set fiordi exemplary 
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embodiments of the present invention to illustrate various features tliereol 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a diagram of an illuminated display system in accordance widi an 
embodiment of tibe present invention. 
5 Figure 2 is a flowchart illustradng an exemplary process for forming the 

illuminated di^ky system in accordance with an embodiment of the present 
invention. 

Figure 3 is a flowdbart illustrating an exemplary process for perfbnning the 
metalization of a fabric substrate section in accordance with an ^nbodiment of tibe 
10 present invention. 

Figure 4 is a flowdhart illustrating an exraiplary process forming an insulative 
layer onto a fabric substrate section in accordance witib an mbodimrat of the present 
invention. 

Figure 5 is a top plan view of the illuminated display system in accordance 
IS with an mibodunent of tte present invralion showing a substrate and 
electroluminescent panel fiDrmed thereon* 

Figure 6 is a top plan view of a rear electrode formed onto a fabric substrate 
section system in accordance with an embodiment of Ihe present invention. 

DETAILED DESCRIPIION OF THE INVENTION 
20 The present invention provides a series of processes for forming 

dectroluminescmt panel components onto substrates^ preferably textiles and fabrics, 
to oeate illuminated display systems. In addition, certain components of die display 
system may be formed together as disclosed m U.S. Patent S^ial No. 6,203,391 of 
Murasko, the teadimgs of wUcfa are incorporated by refiereocehere^ Ihe '391 
25 patent discloses processes for forming electroluminescent signs by comhuung 
electroluminescent lamp coxiq)onents with a sign substrate. 

Conductive Polymer Illuminated Di^lay 

FIG. 1 presents an aspect of the present invention whereby a conductive 
polym^ is used to form ttie conductive d^ents of an electroluminescrat panel. This 
30 construction serves to better integrate the EL panel witii a substrate to form an 



4 



wo 02/078035 



PCT/US02/09013 



illuminated display systan 100. Conductive polymeis that may be used with EL panel 
102 include polyaniline, polypynole, and piefeiably, polyetfaylene-dioxitiiiophene, 
^di is available under tibie trade name *X)igacon'' from Agfo Corp. of Ridgefield 
Paik, NJ. Substrate 104 fomis tbe base layer upon vMch EL panel component layeis 
5 areformed Pieferably, substrate 104 is a fabric or textile section su(±l 

conductive polymer material can be at least partially absoibed into tiie fsbnc fibers, 
forming a more integral structure. Suitable &bric or textile materials indude cotton, 
nylon, polyester, high-density polyetfaylrae (e.g., l^ek brand from DuPont Company 
ofi;(^lmington,D^andthelike. All of these materials are hereinafter referred to as 

10 "^ibric^. EL panel 102 comprises a conductive polymer rear electrode 106, a 

dielectric layer 108, a light emitting layer 110, a front conductive polymer layer 112, 
and a front electrode lead 114. Optionally, conductive pads 116 are electrically 
connected to conductive lead 114 and conductive polymer rear electrode 106 to bring 
electrical energy to EL panel 102 fit)m a power source to cause light emitting layer 

15 110 to illuminate. Also, front electrode lead 114 is preferably a conductive polymer 
front outiying electrode lead disposed substantially around the perimeter of fiont 
conductive polymer layer 112. 

Dielectric layer 108 is formed of a high dielectric constant material, such as 
barium titanate. Ughtemittinglayer 110 is fDrmed of materials that illurninate upon 

20 being positioned in an electric field. Sudi materials may indude non-organics, such 
as phosphor, or organics sudi as light emitting polym^ as taught m U.S. Patrat 
Application Serial No. 09/815,078, filed March 22, 2001, for an *Bectrolummescent 
Multiple Segment Display Device", the teadiings of ^cfa are incorporated by 
reference herewith. Conductive pads 116 are preE^dily made of silver, but rnay be 

25 fabricated from any conductive material from ^^cfa a reliable dectrical connector 
can be formed. 

FIG. 2 is a flow chart showing an exemplary sequence of steps for fabricating 
the dectrolummescent panel 102 onto the substrate 104 to fonn the iUummat^ 
display system 100 shown m FIG. 1. Eadi of the component layers 106-116 of EL 
30 panel 102may besuccesshrely qipliedonto substrate 104 by a variety of means, 
mduding stenciling, flat coating, brushing, rolling, and spraymg, but preferably are 
prmted onto die substrate by soreen or mk jet printing. 
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If the chosm substrate 104 is made of a flexible material, such as a fabric, 
substrate 104 is preferably attached to a rigid bac^g (not shown) usmg an adhesive 
before EL panel 102 is built thereon, as shown at stq) 201. The backing may be of a 
material such as alunununi, polycarbonate, cardboard, and 1^ Theadhesive 
5 must provide sufBdmt bonding as to hold substrate 104 in place, but not so strong as 
to prohibit the removal of the substrate by applying a force to peel the substrate away 
fromttiebaddng. Suitable adhesives for this purpose are contact adhesives sudi as 
"Siqier TT from 3M Corp. of St Paul, MN. 

At step 202, conductive polymer rear electrode 106 is applied onto a front 

10 surface 118 of substrate 104, preferably by printing. Hectrode 106 may be qjplied 
generally as a sheet layer covering die entire substrate 104, or may be patterned in a 
spedfic arrangement on substrate sur&ce 118 to cover only the area desired to be 
iUuminated ^.e. the surEace area covered by the light emitting layer 110). Preferably, 
electrode 106 is made from polyetfaylene-dioxidiiophene, whidi can be applied by 

IS screen printing to form a layer diickness in the range of {^proximately 0.1 and SO 
mioDns (1 mioDn = 1x10"^ meters). 

Dielectric lay^ 108 is then applied onto substrate surface 118 over the rear 
electrode 106, preferably by printing, at step 203. As an example, dielectric layer 108 
comprises a material having a higjb dielectric constant sudi as barium titanate 

20 dispensed in a polymeric binder to form a screen printable ink. More than one 
dielectric layer may be ^lied to better isolate the rear electrode 106 from other 
components of the dectroluminescent pand 102 and reduce the risk of short 
drcuiting. In addidon, if better insulatrve properties are needed from the dielectric^ an 
insulative coatmg may be ^lied over die dielectric layer 108 to further reduce the 

2S riskof contact betwera conductive components of the EL panel 102. Aswithrear 
dectrode 106, didectric layer 108 may cover the entire substrain surface or merely the 
area desired to be illuminated. Preferably,toreduoether]skof diortdrcuitirigof the 
EL panel 102 from the conductive layers 106, 112, 114 coming into contact with one 
another, didectric layer 108 is configured to extend outward aloiig the substrate 

30 surGooe 118 beyond die illummation area by approximately 1/16 inches to 1/8 inches. 
In an raemplary embodiment, dielectric layer 108 may be applied on the substrate 
surface 118 to have a thic^ess of between approximately IS to 40 microns, hi an 
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alternative embodimrat, dielectric layer 108 may be omitted fix>m the EL panel 102 if 
light omitting lay^ 110 is an ptganic material, such as light emitting polymer, tliat 
exhibits properties of a dielectric materiaL 

At stq) 204, light emitting layer 110 is applied onto substrate suiface 118 over 
5 dielectric layer 108, preferably by printing. The suiface area dimensions of the layer 
110 define flie illummation area for the electrolmninescent panel 102 (e.g., the letter 
L", a logo or icon image, eta). Light emitting layer 110 may be formed of eittier 
organic ^.e. light knitting polymers) or non-organic materials, and preferably is a 
phosphor layer of electroluminescent partides, e.g., zinc sulfide doped with copper or 

10 manganese whidi are dispersed in a polymeric binder, and having a dii(^ess of about 
0.1 to 100 miarons. However, the diosen material will dq)end on the illumination 
application desired and the power source available to energize tiie conductors, as light 
emitting polymers and other organics do not require as high an illumination voltage as 
non-organic illumination materials. 

15 The conductive polymer diosen for front conductive polymer layer 112 is one 

that is light-transmissive ^e. transparent or translucent) sudi that the illumination 
provided by light emitting layer 110 may be viewed above electroluminescent panel 
102 by an observer. Preferably, the material forming layer 112 is polyelhylene- 
dioxithiophene. At step 205, conductive polymer layer 112 is applied onto substrate 

20 sur&ce 118 over light emitting layer 110. Conductive polym^ layer 112 extends 
outward along the substrate surface 1 18 at least to cover light emitting layer 110, but 
preferably not beyond the perimeter of dielectric layer 108. In this way, conductive 
polymer layer 112 works in conjunction witii electrode 106 to provide a consistent 
electric field aoioss the mtire surface of the light emitting layer to ensure even 

25 illuntination of tile EL panel 102. Conductive polymer lay^ 112 preferably has a 
thickness between about 0.1 to 100 microns, and is preferably applied by printing 
layer 112. If dielectric layer 108 extrads substantially beyond a perimeter of the rear 
electrode, conductive layer 112 may extend outward along dielectric layer 108 a 
greater distance than tfie perimeter of rear electrode 106. 

30 At stq) 206, fiont electrode lead 114 is placed mto electrical contact witii fiont 

conductive polymer kyer 112 and is configured to trani^rt energy to sudi layer. Ina 
preferred arrangement, front dectrode lead 114 extends substantially or completely 
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around the perimeter of the ooaductive polymer layer 112 to ensure that electrical 
energy is essentially evenly distributed across layer 112. This configuration provides 
front electrode lead 114 as a front ouflying dectrode. Optionally, if conductive layer 
112 extends beyond die perimeter of rear electrode 106» front electrode lead 114 may 
be positioned such that it does not substantially avtrtap the inwardly disposed rear 
electrode 106. Front electrode lead 114 is typically a 1/16 indi to 178 inch wide strip 
and approximatdy 2 to 20 percent of die width of conductive polymer layer 1 12, and 
may be positioned to directiy ov^lie one or more of the conductive layer 112, 
dielectric layer 108, or substrate front surface 118. Pteferably, front electrode lead 
114 is made of a transparmt conductive polymer sudbi as polyetfaylene-dioxitiiiophene 
allowing lead 114 to overlap conductive polymer layer 112 and light emitting layer 
110 without impeding die viewing of the EL panel illumination. Preferably, lead 114 
is printed 

At step 207, conductive pads 116 are electrically connected to front electrode 
lead 114 and conductive polymer rear electrode 106 to si^ly electrical energy to EL 
panel 102 from a power source (not shown). As seen m FIG. 5, conductive pads 116 
may be printed onto substrate 104 as lead tails 115 extending to the perimeter of the 
substrate 104, or may be fabricated as intercormect tabs extending beyond the 
substrate to fadlitete connection to a power source or controller. Preferably, 
conductive pads 116 are made of silver to provide a reliable electrical conductor. 

In a preferred aspect where substrate 104 is afabric section, the illuminated 
display syst^ 100 is placed in an oven to cure for 2S minutes at approximately 200 
degrees Fahrenheit at stqp 208. Ibis temperature ensures proper curing of the 
electroluminescent panel 102 components while not distortmg or Hflmaging die fibers 
oflfaefabria The systrai 100 is tiien removed from the oven. 

At stqp 209, and m die aspeavi*iere die substrate is attadied to a ri^ 
backing, substrate 104 is flien removed from the baddng, preferably by peeling 
substrate 104 away from the badring, to reveal die integrated EL panel 102 and 
substrate 104 as illuminated diq>lay system 100. 

Optionally, a background lay^ or sign substrate (not picturecQ having certam 
transparent and optically opaque areas can be placed over the EL panel as taught in 
die ^391 patent to form a spedfic illummated design. The background layer may, for 
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example, be fonned of niimber of ooloied prints Furth^, an insiilative 
protective layer, such as an ultraviolet coating or a urethane layer, may be placed over 
EL panel 102 and onto tbe substrate rear sur&ce 120 to reduce die risk of dectrical 
sho(^ from a person coming into contact with conductive elements of the illmninated 
5 display system 100. 

In accordance widi anotlier embodiment, any of conductive polymer rear 
electrode 106, front conductive polym^ layer 112, and fiont electtode lead 114 may 
be formed of material other than a conductive polymer so long as at least one of rear 
electrode 106, conductive layer 112 and lead 114 is made of a conductive polymer, 

10 As an example, rear electrode 106 can be made of conductive materials sudi as silver 
or cartxin particles dispersed in a polymeric ink; conductive layer 112 may be made of 
transparent conductive materials sudi as indium-tin-oxide; fiont electrode lead 114 
may be made of the same materials as rear electrode 106, so long as lead 114 does not 
cover a significant portion of conductive layer 112 and thereby block the light emitted 

15 through layer 112. 

It has been further determined' that the above construction of illuminated 
display system 100 having all layers fabricated from transparent or translucent 
conductive polymer produces a device that acts as an electro-optical directional 
device. Usmg the arrangement of elemmts shown in FIG. 1, in an alternative 

20 embodiment, a semi-transparent display device 102 is prqiared by first applyin g a 
conductive polymer fihn layer to substrate 104 to form rear dectrode 106. In this 
embodiment, substrate may be either a non-fabric material sudi as polycarbonate 
film,orafBbria A dielectric film layer 108 (e.g., barium titanate dispersed ma 
polymer matrix) is then dq>osited on top of tear electrode 106, followed by a li^t 

25 emitting film layer 110 anda second layer of conductive polymer fihn to form firont 
conductive layer 112. In an exemplary embodiment light emitting layer 110 
conjprises a phoq)hor layer of electrolummescent partides^ e.g., zmc sulfide doped 
with cqjper or niaiiganese^di are dispersed in a polymer matris^ Upon ^plication 
of a voltage (a square wave of ^roximatdy 380 volts p-p at approxunately 400 HZ) 

30 aooss rear dectrode 106 and fiont conductive layer 112, the device OTiifs li^t mosfly 
in the direction shown by arrow 130 in PIG. 1. 

All layers of tran^arent or translucent when viewed tiieretiirough in at least 
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one diiection when (he EL panel is being powered for iUu^ When the display 
is placed front-side down on a higjb contrast printed surface (e.g., newsprint, map, 
eta), the printed hn^e is dearly visible by an observer looking fiom the backside of 
the device throng^ the dielectric. light is r^ected off the suifEice of the object back 
5 through the layer stack to the observer. For ezanqple, when a power source is 
provided to electroluminescent panel 102 to cause light emitting layer 110 to 
illuminate, items poisitioned below system 100 when front conductive polymer layer 
112 is positioned face down on sudb items are illummated and viewable through EL 
panel 102. Conversely, when fiont conductive polymer layer 112 is positioned fece 

10 xxpin relation to the item located direcfly below substrate 104, system 100 is optically 
opaque, preventing the viewing of tiie item tiirough EL panel 102. The present 
metiiod is suitable for &bricatmg devices tiiat are screen printed onto non-fabric 
materials sudi as polycarbonate film, as well as fabric sections. This type of 
illumination method may also be used as a light source for E-ink or other 

15 electrodiromic display devices with high contrast 

FIG. 3 shows the process stsps to petfarm the metalization of a fabric 
substrate section. Once the metalization process is complete, tiiereby forming a rear 
electode of an electroluminescent panel, the rmaining EL panel components can the 
be built onto the metalized fabric section to form an illuminated display system. 

20 Suitable metals fi>r use in the metalization process are those that serve as both good 
electrodes and also have the capability of being coated onto fiEibrics usmg standard 
electioless plating procedures. Examples of metals that are suitable for this process 
indude copper, mdsxA^ and otiier metals exhibiting sunilar characteristics. The use of 
fabrics as substrates upon whidi the rear electrode and other EL panel components are 

25 formed allows die rear dectrode to efSdentiy bond to die fabric fibers, forming a 
inore integral structure. Suitable fabric or textile materials mdude cotton, nylon (e.g., 
rip-stop), polyester, higji-density polyetiiylene (e.g., lyvek brand from DuPont 
Company of ^V1hnington,DE), and the like. The metalization process raiploys the 
use of an electroless plating bath and a conductor bath to form a t^in^ flexible^ 

30 conductive electrode in a defined shape mtegrated with a section of &bric. 

in accordance with one embodiment, an image, sudi as a word, logo, icon, 
etc., is generated on a film transparency at step 301. This image corresponds to tiie 

10 
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aieadesiiedtobeiUiimiimtedby anelec^ Tlie transpaienc^ 

diosen should be one that may be used by a pjtintiiig device to bum the image into a 
photographic emulsion and may indude transparencies made £pQm plastics, 
polycarbonates, and similar matodals. As an example, die image may be generated on 
5 the transparency using a computer grs^hics program. 

At stq) 302, the film tiansqparency mth the image diereon is burned into a 
photographic emulsion, so that the image may be used with a printing device, sudi as 
a screen printer. 

At step 303, the printing device is positioned over the fabric section and a 

10 catalyst solution is applied to a surfece of the fabric In tliis way, the catalyst solution 
will be positioned on the fabric section in the shape of the desired image. Itshouldbe 
noted that steps 301 and 302 may be omitted if a device besides a printing device is 
used to apply the catalyst solution to the fabric in the shape of the image. 

Hie fabric section with catalyst thereon is then immersed in an electroless 

15 plating bath at step 304. This stq) allows a dieinical reduction to occur in the batiL It 
is not necessary for die ratire fabric section to be immersed in the bath, merely die 
portion of fabric section with the catalyst Hie fabric section is then subsequentiy 
removed and allowed to dry. 

At step 305, the fabric section and applied catalyst are immersed in an 

20 electrode badi, preferably an aqueous solution containing metallic particles such as 
copper, nickel. Off odier metals eriiibitingsirnilar conduct!^ Tlie 
metallic particles tfam migrate dirough the bath to the catalyst, depositing on the 
fabric surfEice in die sh^ of the image. As with the electroless plating bath, it is only 
necessary to immerse Ifae portion of fabric section with the catalyst into the electrode 

25 badL The fabric section thrasubsequratiy removed and allowed to dry. 

As a result of these process steps, a fabric section is formed widi a rear 
electrode diereon that is electrically conductive in die pattern of die image ^e. in the 
desired illumination area). Hie rear electrode formed from tins process ^ically has a 
thickness of between ^roxunately 0.1 and 100 mioons. The remaining layers of an 

30 electroluminescent pand, indudiog die dielectric layer, the light emitting layer, the 
transparent conductive layer, and the front electrode lead, may be formed onto the 
rear electrode as discussed in steps 203-207 of FIG. 2 regarding die conductive 
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polymer flluminated display. Additionally, the transparent conductive layer and front 
electrode layer may be made of eitiier conductive polymeis^ or inoiganics, sndi as 
indium-tin-oxide for tiie transpaient conductive layer and silver or caibon particles 
dispersed in a polymeric binder fertile front electrode lead. In addition, an insulative 
5 protective layer, such as an ultraviolet coating or a uretiiane layer, may be placed over 
EL pand components and onto tbe fid)ric substrate rear suiface 120 to tedupe tiie lisk 
of electrical shoc& fiom a person coming into contact witii oonducdve dements of flie 
illuminated display system 100. When an electric potential is q)plied across the rear 
electrode and the ficont electrode lead, the light emitting layer will illuminate in the 
10 pattem of the image formed by the rear electrode. Ihe rear electrode produced by this 
process is pliable and can be applied to fabric more easily that a typical silver or 
carbon electrode. Thus, sudi a rear electrode design will prolong the lif& of an EL 
panel system attadied to an artide of fabric. 

Insulative Layer Formation 

IS Subsequent to performing the process for the metalization of a fabric substrate 

section, an insulative layer may be qiplied to tiie fabric substrate section to 
enc£f>sulate the fabric, providmg uniform insulation and redudng the risk of dectric 
shock or short circuit of an dectroluminescent panel formed onto the fabric section. 
However, it is to be uriderstoodtlmt the iiisuktive layer fonnation process nmyte ' 

20 used with fabric section having rear dectrode formed tii^eon by a process otfier than 
the fabric metalization process described above. Once the insdative layer is formed 
onto the fabric section, it serves as a dielectric layer, allowing the remaining EL panel 
components to be built thereon to form an illuminated display system. Suitable fabric 
materials for this process indude cotton, nylon (e.g., rip-stop), polyester, high-^nsity 

25 polyetiiylene (e.g., Tyvek brand from DuPont Company of Wilmington, DE), and the 
like. The process steps for forming the insulative layer are shown in FIG. 4. 

At st^ 401, the fabric section having the rear electrode formed thereon is 
immersed in a vessel containmg electrophoretic liquid. If desired, the entire fabric 
section may be immersed in the electrophoretic liquid to form an insulative layer over 

30 the entire fabric section, not merely the portion where the rear dectrode is located. 
However, as shown in FIG. 6, a small area of a lead tail 1 15 of the rear electrode 106, 
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pief erably about 0^ inches in length and width, should be coveied so as to avoid 
exposute to the electrophoretic liquid to enable a conductive pad 116 to be attadbied 
thereto to bring electrical eneigy to the rear electiode 106. 

A counter electrode is positioned in the electrophoretic liquid adjacent to the 
5 fabric section at stqi 402. Theoounterelectrodecanbemadeof any conductive 
material, e.g., a metal such as copper or nickel. In this way, the electrophoretic liquid 
vessel has two elecbxxies positioned therein: the rear electrode of the &bric section 
and the counter electrode. 

At step 403, a voltage source, such as a DC power supply (or a battery), is 

10 attadied to the fabric section rear electrode and the counter electrode. Afirstleadof 
one polarity (i.e. positive or negative) electrically connects the voltage source to the 
rear electrode and a second lead of opposite polarity of the first lead electrically 
connects the voltage source to tiie counter electrode. The first lead preferably 
connects to the area of the lead tail 1 IS that is covered fiom exposure to the 

IS electrophoretic liquid. 

At step 404, the voltage source creates a potential difference between the 
fabric section rear electrode and the counter electrode, causing the flow of electrical 
energy through the electrophoretic liquid. This process causes an insulative 
confonnal coating to deposit onto at least the rear electrode of the fabric section, and 

20 preferably, onto the entire fabric section tiiat is immersed in the electrophoretic liquid. 
The insulative coating will typically be formed onto the fabric section at a tiiic^ess 
betwera q)proxunateiy 0.1 and 100 mioons. 

At step 405, the fabric section is removed from the dectrophoretic liquid, and 
thra rinsed and allowed to dry. Optionally, an insulating protective layer, such as an 

2S ultraviolet coatiiig or a urethane layer, may be formed on both sides of the fabric over 
areas having a metal coating or conductor to protect persons iwho touch the fabric 
from electrical shodL 

The insulative confonnal coatmg provides a number of benefits in forming an 
electroluminescent panel onto a fabric sectioiL First, tiie coating maintaing tiie 

30 integrity of the rear electrode and electrically insulates such electrode on both the 
firont and rear surfaces of the fabric sectiori, thereby mitigating tiie risk 
shodk for a person touching tiie fabria Also, the coating may encapsulate the entire 
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fabric secdon immersed in Ae electroplioietic liquid, tlieieby providing imifbmi 
insulation to eliminate short dicuiting ftom otiier conductive elements of an EL panel 
fomaed onto the fabria Fuitfaemiore, the process shortens the manu&cturing of an EL 
panel in that the insulating bairier can serve as a dielectric layer, whereby the light 
emitting layer, the transparent conductive layer, and the front electrode lead are 
applied thereon as discussed m steps 204-207 of FIG. 2 regardmg die conductive 
polymer illuminated display. Additionally, and as with the metallized fabnc process, 
the transparent conductive layer and fiont electrode layer may be made of either 
conductive polymers, or inorganics, sudi as indium-tin-oxide for the transparent 
conductor and silver or carbon partides dispersed in a polymeric binder for the front 
electrode lead. When an electric potential is applied across the rear electrode and the 
front electrode lead, the light emitting layer will illuminate in the pattern of the image 
formed by the rear dectrode. 

The invention thus attains the objects set forth above, among those apparent 
from preceding description. Since certain dianges may be made in the above systems 
and methods without departing from the scope of the invention, it is intended tihat all 
matter contained in the above desoiption be interpreted as illustrative and not in a 
limiting sense. 
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CLAIMS 

Whatisdaimedis: 

1. An niuminated display integtated with a fybnc substrate, comprising: 
a rear electrode formed on a portion of a front surface of the fabric substrate; 

> 5 a didectnc layer fonned onto the fabric substrate surface substantiaUy^^ 

the rear electrode; 
a light emitting layer formed onto the dielectric layer; 
a transparent conducthre layer formed onto the light emitdng layer; and 
a front electrode lead electrically comiected to the transparent conducttve layer 
10 to transport energy thereto. 

2. The iUurniiiated display of daiml, wherein the dielectric layer is an 
insulative conformal coatiiig formed by s^lication of a voltage to electrophoietic 
liquid surrounding the fabric substrate. 

3. The illuminated di^lay of daim 1, herein the rear electrode is 

15 formed on the fsbnc substrate portion by applying a catalyst to tfie fabric portion and 
subsequently irmnersing the fabric portion hi an dectroless plating bath followed by 
immersing the fabric portion in an electrode bath. 

4. The illuminated display of daim 3, herein the rear electrode is 
formed substantially only v^ere die catalyst was applied to the fabric substrate 

20 portion. 

5. The illuminated dii^lay of daun 1, wherein the dielectric layer covers 
the entire rear electrode except for a portion of a lead tail of the rear electrode. 

6. The illuminated display of daim 1, induding an insulative layer 
formed onto a portion of a back surface of the substrate opposite of the rear electrode. 

25 7. The iUurniimteddi^ky of claim 1, including an iiisulati^ 

formed onto the front surface and a back suiEace of ttie substrate. 

8. Ihe illuminated di^lay of daun 1, i^erein the light emitting layer is a 
phosphor layer. 
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9. The iUunuBated display of daim 1, wfaeidn the light emitting layer is a 
light emittiiig polymer layer. 

10. TlieiUuminateddi^lay of daim 1, wherein the fabric substrate is 
made from materials comprising at least one materM selected fix)m the gro^ 

5 consisting of cotton, polyester, nylon, and high-density polyethylene. 

11. The iUmninated display ofdaiml, herein Aefiont electrode 1 
a fiont outlying electrode layer substantially surrounding a perimeter of the 
trani^arent conductive lay er. 

12. The illuminated display of daim 1, iTiiietein tibe transparent conductive 
10 layer estwds outward along the fibric substrate substantially beyond a perimeter of 

the rear electrode^ and the front electrode lead is disposed substantially at a perimeter 
of die transparent conductive layer sudi that the rear dectrode and front electrode 
lead substantially do not overlq). 

13. The illuminated display of daim 1^ wherein the transparent conductive 
15 layer is an indium-tin-oxide layer. 

14. TlieiUuminated display of daim 1, wherein the rear electrode is 
formed as a layer containing a catalyst and at least one material selected from the 
groiqp consisting of cc^per and nidcel. 

15. The illummated display of daim 1, wherein the fabric substrate is an 
20 artide of dothmg. 

16. The illuminated display of daim 1, \^erem the light emitting layer is 
soeen printed onto the at least one dielectric layer. 

17. The illuminated display of daim 1, "herein the transparent conductive 
layer is screw printed cmto the light emitting layer. 

25 18. A method for integrating an iUuminated display with a fabric substrate, 

comprising: 

coating a portion of a front suiface of the fabric substrate with a rear electrode; 
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fDiming a dielectric layer onto over the rear electrode; 
fonning a light raiittmg layer onto the dielectric layer; 
fonnmg an transparent conductive layer onto the Ught emitt^ 
electrically connecting a front electrode lead to the transparent electrode layer 
5 to transport energy to the transparent conductive layer. 

19. The method of claim 18, further comprising Ibe step of electrically 
coimecting a power source to the rear electrode and the front electrode lead to 
illuminate the ligjht emitting layer. 

20. The method of daim 18, ^erdn tbe step of coating a portion of the 
10 fabric substrate with a rear electrode comprises applying a catalyst to a portion of tiie 

substrate and subsequently immersiiig the portion of tiie substrate in an electroless 
platmg bath followed by immersing the substrate portion in an electrode bath. 

21 . The mediod of daim 20, ^^erein the rear electrode is formed 
substantially only vrbeie the catalyst was appUed to the fabric substrate portion. 

15 22. The melliod of daim 20, lii^erein the catalyst is soreen printed onto the 

portion of the fabric substrate. 

23. The mediod of daim 20, wfamin the electrode bath is an dectrode 
balfa selected bom the group consistmg of a copper or nidoel bath. 

24. The method of daim 18, induding the step of fDrming an insulative 
20 lay^ onto a portion of a back surface of the substrate opposite of the rear electrode. 

25. The method of daim 18, induding the step of fonning an insulative 
layer onto the front surGace and a back surface of tbe substrate. 

26. The mefliod of daim 18, wherein the step of forming a light emittmg 
lay^ comprises forming a phosphor layer onto die dielectric layer. 

25 27. Tliemetiiodof daim 18, wherein the step of forming a light emitting 

layer comprises forming a light emittmg polymer layer onto the dielectric layer. 
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28. The mefliod of daim 18, wherein the stqp of elecdi^ 

front electrode lead to the traniq)arrat conductive layer comprises posltionmg the lead 
to substantially surround and contact a perimeter of the transparent conductive layer. 

29. The method of daim 18, wherein the step of forming a transparent 
5 conductive layer onto the light emittmg layer comprises forming the transparent 

conductive layer to extend outward along the fabric substrate substantially beyond a 
perimeter of the rear electrode, and the step of oonnectmg a front electrode lead to the 
transparent conductive layer comprises positioning the lead substantially at a 
perimeter of die tranq)arent conductive layer sudi that the rear electrode 
10 electrode lead do not overlap substantially. 

30. The method of daim 18, wherein the step of forming a light emitting 
layer onto the at least one dielectric layer comprises printing tiie light emittmg layer 
onto the dielectric layer. 

31. The metbod of daim 18, vdioein tiie step of forming a transparent 
15 conductive layer onto tfie light emittirig lay^ comprises printing the transparent 

conductive layer onto the light emittmg layer. 

32. A method for forming an electrode layer onto fabric substrate^ 
comprisirig: 

placing an image over a fiibric substrate to define a display area; 
20 applying a catalyst to the display area; 

immersmg the fabric substrate witii die display area in an electroless plating 
bath; and 

unmersmg the fabric substrate witii the display area in a conductor bath; 
vilierein tiie dectrode layer is formed onto die display area of tiie fabric substrate. 

25 33. Hie method of daim 32, furtiier comprising: 

forming the image on a transparency; 

bunting the image on tiie transparency into aphotographic emulsion; and 
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¥^tem the sbesp of pladng an image over flie fabric substrate oonq>rises 

pladng tiie screen prinling device with the photogr^hic emulsion over 
a fabric substrate to define the display area. 

34. The method of daim 32, wherein the step of immersing the fabric 
substrate witii the display area in a conductor bath comprises immersing the fabric 
substrate with display area in a conductor bath selected from the group oonsistuig of a 
copper or nickel bath. 

35. The metibod of cdaim 32y herein &e fabric substrate is made from 
materials comprising at least one material selected from the grotq> consisting of 
cotton, polyester, nylon, and high-density polyethylene. . 

36. Amediod for forming an insulative confoimal coating around an 
electrically conductive fabric substrate, conQ>tisu^: 

placing the fabric substrate in electrophoretic liquid; 
pladng a counter dectrode in the electrophoretic liquid; 
implying a voltage to the substrate and the counter electrode; and 
\dierein the insulative conformal coating is formed around tibe substrate. 

37. The method of daim 36, wherein the fabric substrate is made fzom 
materials comprising at least one material sdected frcon the groiq> consistiiig of 
cotton, polyester, nylon, and high-density polyethylene. 

38. An integmted illuminated display and substrate, comprising: 
a substrate section; 

a conductive polymer rear electrode layer formed onto tfie substrate section; 
a dielectric layer formed onto the conductive polymer rear electrode layei; 
a light emitting layer formed onto the dielectric layer, 
a front conductive polymer layer formed onto the light emitting layer; and 
a front electrode lead connected to the front conductive polymer layer. 

39. Thedi^layof daim38,i!rfierein: 

the conductive polymer rear dectrode layer is printed onto the substrate 
section; 
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die dielectric layer is printed onto die oonducdye polymer rear electrode layei; 

die light emitdng layer is printed onto the dielectric layer; and 

ffae front conductive polymer layer is printed onto the light emitting layer. 

40. The display of claim 38, furdier comprising two or more conductive 
pads, one of the pads electrically connected to die front electrode lead and another one 
of the pads electrically connected to the conductive polymer rear electrode layer to 
provide electrical contacts for a power source. 

41. The display of daim 38, wherem the front conductive polymer layer is 
substantially tran^arent 

42. The dispky of claun 38, wherem die substnite section is a tealfl 
section. 

43. The display of daim 42, herein the textile section is made from 
materials comprising at least one material selected from the group consistmg of 
cotton, polyester, nylon, and high-density polyethylene. 

44. The display of daim 38, wherein the light emitting layer is a phosphor 

layer. 

45. Hie display of daim 38, wherein die light emitting layer is a light 
emitting polymer layer. 

46. The display of daim 38, wherein die front dectrode lead is a 
conductive polymer firont outiying electiode layer substantially surrounding a 
perimeter of the transpar^ conductive polymer layer. 

47. The disphy of dahn 38, ^erdn die front dectrode leiad is formed 
direcdy onto at least one of the substrate secticm, die dielectric layer, and the fiont 
conductive polymer layer. 

48. The display of daun 38, wherein the conductive polymer is 
polyethylen&Klioxitfaiophene. 
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49. A method for fonniog an integrated iUumm 
section, oompiising: 

f oiming a conductive polymer rear electrode layer onto the substrate section; 
forming a dielectric layer onto the conductive polymer rear electrode layer; 
5 forming a ligfht emitting layer onto tlie dielectric layer; 

forming a fiont conductive polymer layer onto the light emitting layei^ and 
coimecting a &ont electrode lead to the transparent conductive polymer layer. 

50. Ilie method of claim 49, fiirtfaeroon^risii^ 

attaching die substrate section to a substantially rigid backing usmg an 
10 adhesive prior to the forming of the conductive polymer tear electrode 

layer onto the substrate section; and 
detaching the substrate section fiom the substantially rigid bac^g subsequmt 

to the forming of the front conductive polymer layer onto the light 

emitting layer. 

15 51. The method of daim 49, further comprising forming the flx)nt 

electrode lead onto either die substrate section or at least one layer selected from the 
group consisting of the dielectric layer and the front conductive polymer layer, to 
substantially surround a perimeter of the fiont conductive polymer layer. 

52. The metiiod of daim 49, further comprising electrically connecting a 
20 first conductive pad to the front electrode lead and electrically connecting a second 

conductive pad to the conductive polymer rear electrode layer to provide electrical 
contacts for a power source. 

53. The mediod of claim 49, wherein: 

the step of forming a conductive polymer rear electrode layer comprises 
25 printii^ a conductive polymer rear electrode layer onto the substrate 

sectio^^ 

tiie st^ of forming a dielectric layer comprises printing a dielectric layer onto 

the conductive polym^ rear electrode layer; 
die st^ of forming a light emitting layer comprises printing a light emitting 
30 layer onto die dielectric layer; and 
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the step of fonning a front oondoctive pol]mer layer comprises printing a front 
conductive polymer layer onto the light emitting layer. 

54. The metibod of claim 49, wherein die substrate section is a textile 
section. 

5 55. The method of daim 54, v^erek the textile section is niadefix)m 

materials comprising at least one material selected from die group consisting of 
cotton, polyester, nylon, and high-density polyethylene. 

56. Themetfaodof claim 49, ^min the step of fonning a light emittiiig 
layer comprises forming a phosphor layer onto the dielectric lay^. 

10 57. The mediodofdaim 49, wherein the stq> of forniing a light emitting 

layer comprises formmg a light emitting polymer layer onto the dielectric layer. 

58. The method of daim 49, herein die conductive polymer is 
polyethylene-dioxithiophene. 

59. The method of daim 49, wherein the front conductive polymer layer is 
15 tran^arent 

60. A method for fbrmiotg an integrated iUuminated display and substrata 
comprising: 

a ttacJiing a substrate section to a substantially rigid baddng using an adhesive; 

forming a rear electrode layer onto the substrate section; 
20 . fonning a dielectric layer onto the rear electrode layer; 

f omung a light emitting layer onto the dielectric layer; 

f omiing a front conductive layer onto the li^t emitting layer; 

connecting a firont electrode lead to die transparent front electrode layer to 
transport taergy to the transparent electrode layer; and 
25 detadimg die substrate section fiom the substantiaUy rigid baddng. 

61. The metiiod of daim 60, herein the rear electrode layer, die front 
conductive layer, and the fiont electrode lead are comprised of conductive polymer. 
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62. Hie method of daim 61, i^eiein the conductive polymer is 
polyetliyleiie^oxifliiqphme. 

63. The method of daim 60, further comprising forming the front 
electrode lead onto eidier the substrate section or at least one layer selected from the 
groq) consistmg of the dielectric layer and the front conducdve layer, to substantially 
surround a perimeter of die front conductive layer. 

64. The mediod of daim 60, herein: 

the step of forming a rear electrode layer comprises printing a rear electrode 

lay^ onto the substrate section; 
the step of forming a dielectric layer comprises printing a dielectric layer onto 

die tear electrode layer; 
the step of forming a light emitting layer comprises printing a light emittmg 

lay^ onto the dielectric layer; and 
the step of forming a front conductive layer comprises printing a fix)nt 

conductive layer onto the light emitting layer. 

65 . The method of daim 60, herein the substrate section is a textile 
sectioiL 

66. The method of daim 65, wherein the textile section is made from 
materials comprising at least one material selected from the group consisting of 
cotton, pdyester, nylon, and high-density polyethylene. 

67. The method of daim 60, "vdierein die step of forming a light emitting 
layer comprises forming a phosphor layer onto the dielectric layer. 

68 . The method of daim 60, ^erem the step of forming a ligiht emitting 
layer comprises formmg a light mitting polymer layer onto the dielectric layer. 

69. The method of daim 60, herein the front conductive layer is 
transparent 
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SUBSIRATl MAYBE ATTACHED TO RIGiD BACKING 



REAR CONDUCTIVE POLYMB ELECIRODE APPUED 
ONTO SUBSIDAIE SURFACE 



DIELECTRIC LAYS APPUB) OVER REAR ELECTRODE 



UGHT BUTTING UYER APPUED OVKDiaECTBIC LAYBt 



UGHT-TRANSMISSIVE CONDUCTIVE POLYMER 
LAYB APPUED OVBlQlllTTING LAYER 



POSITIONING RONTEUOOOELEAD.TO 
EECTRICALLY CONTACT FRONT CQNDUCI1VE LAYER 
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CONDUCTIVE PADS ARE EECTRICAU.Y CONNECTH) 
TO FRONT EECTRODE AND REAR CONDUCTIVE POLYMm 
ELECmODE 
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IMAGE DUPLICATB) ON TRANSPARBICY HUM 
FOR DESIRB) FABRIC SECTION 



TRANSPARBICY IMAGE TRANSRRED TO PRNT1NG DEVICE 



CATALYST SOIiinON APPLe ID SURFACE OF FABRIC 
WITH PRINTING DEVICE IN THE SHAPE OF DESIRED IMAGE 



FABRIC SECnON AND APPUED CATALYST ARE 
IMMERSE) IN aECTBOL^ PLATING BATH 
REMOVED AND DRIED 



FABRIC SECTION AND APPLe CATALYST ARE 
MMBSBD IN ELECTRODE BATH, METALLIC PARHCALES 
ADHEARTO THE CATALYST, RBJOVB) AND DRIED YVQi 
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FABRIC SECnON HAVING REAR ELECTRODE THBiON 
K MMERSH) IN ELECmOPHORETIC UQUID TO 



COUNTS ELECTRODE POSmONH) IN EUBCIROPHORETIC 
UQUD 



VOLTAGE SOURCE ATTACHED TO FABRIC SECTION REAR 
OECTRODE AND COUNTER ELECTRODE 



MSULATIVE COATING IS DEPOSnED ONTO AT LEAST THE 
REAR EECTRODE OF FABRIC SECHON 
UPON APPLICATION OF A VOLTAGE SOURCE 



FABRIC SECnON IS REMOVB) RINSED AND DRE) 
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